The San Quintín volcanic field (SQVF) in Baja California (Mexico) consists of at least 13 volcanic complexes with about 30 lava flows. 40 Ar/ 39 Ar step-heating and 3 He surface exposure dating experiments suggest eruption ages between 22 and 165 ka. Paleodirections of 14 flows reported here are consistent with normal secular variation. Because of low Curie temperatures and thermal alteration starting at ∼350
I N T RO D U C T I O N
The Earth's magnetic field is generated in the liquid outer core of the Earth by magnetohydrodynamic processes referred to as the geodynamo (e.g., Merrill et al. 1996) . This process involves secular variation of the field, both of direction and intensity, and excur-natural remanent magnetization (NRM) should be a pure uncontaminated TRM. Though simple, these criteria pose heavy restrictions in practice and most rocks appear to be unsuited. As a result, the success rate of such thermal methods is often rather low.
To circumvent these problems encountered so often in rock samples, recently two new methods have been proposed and shown to work successful on synthetic samples and historic lava flows. The first is the microwave method that is based on the ferromagnetic resonance occurring when a magnetite crystal is exposed to high frequency electromagnetic waves (Walton et al. 1992) . The exposure of a lava sample to microwaves in the 14-14.5 GHz range of variable power and/or duration thereby is equivalent to the exposure to thermal energy at different temperatures (Hill et al. 2002a; Biggin et al. 2007 ). Yet there are two main differences: the bulk sample is only moderately heated (temperatures during and after microwave application remain below ∼200
• C), and secondly, the exposure to that temperature (including cooling) is much shorter. For microwaves this is 50-100 s compared to 3000-5000 s at >500
• C in a typical thermal demagnetizer. The significantly reduced thermal alteration of the sample is the main reason for the higher success rate of microwave PI compared to Thellier-Thellier PI (Hill et al. 2002b; Böhnel et al. 2003; Gratton et al. 2005) .
The second method is a new thermal method proposed by Dekkers & Böhnel (2006) . It is based on a multiple specimen approach, where each specimen is heated only once. The different specimens are exposed to the same temperature but each to a different laboratory field, and they are oriented with their NRM direction parallel to the furnace field. The PI is given as the laboratory field that does not alter the TRM in the sample, which may be calculated by the best-fit line through the data points of differential partial TRM (pTRM) versus laboratory field. The temperature can be chosen low enough to reduce or even avoid thermal alteration effects. This method also is not limited to SD particles required in a Thellier experiment, and it minimizes the effect of high-temperature tails affecting multidomain (MD) grains. Finally, it warrants that every single specimen experiences exactly the same magnetic history. A practical benefit comes from the reduced number of heating and measurement steps: the approach is distinctly less laborious than classic Thellier-Thellier type experiments so that a larger number of PI values can be obtained in the same amount of time.
T H E S A N Q U I N TÍ N V O L C A N I C F I E L D
The San Quintín volcanic field (SQVF) is situated along the Pacific coast of Baja California (Mexico) about 260 km south of the US border ( Fig. 1) , and comprises at least 13 volcanic complexes (Luhr et al. 1995) . Most complexes have several vents, and 30 distinct lava flows have been described (Luhr et al. 1995; Juárez-Aguilar 1996) . The rocks represent intraplate-type mafic alkalic monogenetic volcanism and have been of particular interest for the presence of mantle derived peridotitic and granulitic xenoliths. From 40 Ar/ 39 Ar step-heating experiments, four ages between 46 and 126 ka were reported (Luhr et al. 1995; Juárez-Aguilar 1996) . These ages compare reasonably well with 3 He surface exposure dating experiments (Williams 1999) suggesting eruption ages between 22 and 165 ka. Paleomagnetic samples were collected from 22 different lava flows with suitable outcrops, and here we report on results from 14 lava flows ( Fig. 1b; Table 1 ).
Geochemically the SQFV rocks are classified in roughly equal proportions as hawaiites, nepheline-hawaiites, alkali basalts and basanites; less common are hyperstene-normative basalts and hawaiites. The main mineralogy in all volcanic rocks from the SQVF is made up by olivine, plagioclase, clinopyroxene, titanomagnetite and ilmenite (Luhr et al. 1995) . Often they also contain megacrysts and xenocrysts of olivine, orthopyroxene, spinel-group minerals and quartz. Primary oxide minerals occur as (1) small Al-Fe-Cr-Mg-rich spinels, (2) groundmass spinels and (3) groundmass ilmenites. Spinels form compositional trends from groundmass titanomagnetites with minor Mg and Al substitution to spinel inclusions with higher amounts of these elements. Coexisting groundmass titanomagnetites and ilmenites in two lavas enabled calculation of quenching temperatures (between 763 and 881
• C), and oxygen fugacities (between log values of -13.5 and -16.6) (Luhr et al. 1995) . Estimations using an olivine-spinel geothermometer provided temperatures between 912 and 1112
• C (Luhr et al. 1995 ).
M E T H O D S A N D I N S T RU M E N T S
From the 14 lava flows, oriented cores were recovered using a portable rock drill and an orienting device with magnetic and solar compasses. Per site, typically 8-10 cores, each providing at least 3 standard sized specimens, were recovered. The characteristic remanence directions (ChRM) were determined through stepwise progressive demagnetization mostly by alternating fields (AF). A few specimens were processed thermally essentially yielding the same directional results. Therefore, the AF method is suitable to isolate the ChRM, which in these volcanic rocks is a TRM acquired during initial cooling. AF demagnetization was carried out in fields up to 100-mT amplitude using an AGICO Inc. (Brno, Czech Republic) with the tumbling option. NRMs were measured with an AGICO Inc JR5 spinner magnetometer (noise level ∼5 × 10 −10 Am 2 , NRM intensities after demagnetization at 100 mT were 1-2 per cent of their initial intensity and at least 3 orders of magnitude stronger than the instrumental noise level). Principal component analysis (Kirshvink 1980 ) was used to calculate the ChRM direction from the unidirectional behaviour as seen in Zijderveld diagrams, with most maximum angular deviation values smaller than 2
• . Results were first averaged on core level, and then site mean directions were calculated using the Fisher statistic.
For the paleointensity experiments an ASC Scientific (Carlsbad, CA, USA) thermal demagnetizer type TD48 (residual field <10 nT, temperature repeatability precise to within ±1
• C) with an in-house built magnetization coil was utilized. Field intensities appeared to vary slightly along the furnace axis and were calibrated for each sample position. For the present study, laboratory fields were chosen to cover the range between 0 and 40 μT, based on the previous PI results from the microwave method. Heating and cooling was done in air. Low-field susceptibility was measured before and after heating with an AGICO KLY3 instrument (frequency 920 Hz, peak field 0.4 mT, sensitivity 2 · 10 −8 SI). Specimens were oriented on dedicated holders that allow them to be individually oriented with a precision better than ∼5
• with respect to the furnace field (Fig. 2) . By rotating each sample around its cylinder axis the NRM vector is oriented horizontally, after which the holder together with the sample was rotated around a vertical axis until the NRM vector was aligned parallel to the furnace field (along axis in the oven). Furnace fields were applied during heating and cooling.
Microwave PI experiments were carried out using the perpendicular field method (Kono & Ueno 1977; Hill & Shaw 2007) . Microwave demagnetization was initially applied in a zero-field (Luhr et al. 1997) . The oldest rock unit on the map is defined by andesitic lavas and breccias of the Alisitos Fm, covered by the Late Cretaceous shallow marine sediments of the Rosario Formation and Tertiary continental conglomerates. The main regional structural feature is the Cantú Escarpment, which can be related to normal faulting. (b) Distribution of sampling sites over the volcanic field. (Luhr et al. 1995) and as indicated in Figure 1 . Different sites within a volcanic complex are from individual separate lava flows. Ages or age ranges are given according to the dating methods indicated (Luhr et al. 1995; Juárez-Aguilar 1996; Williams 1999) ; note that dating generally was done per volcanic complex and not on every individual lava flow. The grain size of acicular or skeletal grains corresponds to their longer axis and AR is the aspect ratio of these grains.
Figure 2.
Sample holder used for the multiple specimen parallel difference pTRM paleointensity method. An aluminium plate with 9 individually adjustable specimen holders is fitted on the tray of an ASC thermal demagnetizer equipped with a field coil. It allows rotation of specimens about a vertical and a horizontal axis so that their remanence direction can be oriented parallel to the magnetic field in the laboratory furnace.
using stepwise increasing power levels until reaching a stable remanence direction, generally reducing the NRM by 10-20 per cent. Afterwards, further increasing microwave power was applied with the laboratory field perpendicular to the sample's stable remanence direction. The maximum available power was 80 Watts, and this was used during 5-10 s. Only in cases where the microwaves did not remagnetize sufficiently the sample, longer exposure times of up to ∼30 s were used. Even then, some samples did not remagnetize sufficiently to obtain a reliable PI, probably because of the dominance of fine single domain grains as remanence carriers that would require higher microwave frequencies than those available Walton et al. 2004a,b) . Measurements were carried out over several years, and in the later stage also pTRM checks could be carried out due to advances in the precise power level metering and thus of the energy absorbed by magnetic grains. Details of the experimental procedure can be found elsewhere (e.g. Böhnel et al. 2003; Hill et al. 2002a Hill et al. , 2007 Gratton 2004) . Although temperatures could not be measured directly, it is reasonable that bulk sample heating remained <200
• C based on earlier experiments (Gratton 2004) . Data were analyzed using Arai plots where the remaining NRM intensity is plotted against the gained pTRM. An experiment was deemed successful when the quality factor q (Coe et al. 1978 ) was higher than five and the line on the Arai plot consists of at least four consecutive points.
Hysteresis loops were acquired with a Princeton Measurements Corp. (Princeton, NJ, USA) instrument MicroMag model 2900 in a maximum field of 1 Tesla. For hysteresis loops, 1 mT field steps were taken with 100 ms averaging time. For the backfield curves, 3.33 mT field increments were taken, with an acquisition time at each field of 1 s and a waiting time at zero field of 1 s as well. The measurement averaging time was 1 s. Hysteresis ratios (saturation magnetization M s , remanent saturation M rs and coercive force B c ) were derived from slope-corrected loops. The remanent coercive force (B cr ) was derived from a backfield dc demagnetization curve acquired with the MicroMag instrument. Data are shown as magnetization and coercivity ratios on a Day et al. (1977) diagram.
Thermomagnetic curves were measured with a modified horizontal translation Curie balance that uses a cycling rather then a steady magnetizing field (Mullender et al. 1993) . Field settings varied from 150-300 mT to 250-300 mT to cope with the strong signal of the lava flows (typical sample mass is ∼2 to ∼8 mg). Heating and cooling rates were 10
• C min −1 and experiments were done in air. To monitor potential alteration as function of temperature a sample was incrementally heated to 700
• C; 50
• C cooling trajectories in between a set of peak temperatures were introduced to check for reversible magnetization curves.
The reflected light microscope was a LEICA (Wetzlar, Germany) model DMLP with an attached Olympus (Tokyo, Japan) DP11 digital camera and scanning electron microscope (SEM) observations were done with a JEOL Ltd. (Tokyo, Japan) model JSM-35c. Polished sections were carbon coated. Typical settings were 15.0 keV, and standardless semi-quantitative analysis was obtained with a beryllium window EDS detector at a counting time of 100 s.
R E S U LT S

Microscope observations and mineral magnetic properties
Twelve representative samples from nine volcanic complexes were analyzed under the reflected light microscope and SEM. Most lava flows typically show a trachytic hypocrystalline texture, with variable vesicularity. Almost all samples contain early formed euhedral, later formed embayed-like anhedral grains (Fig 3a) , and acicular to skeletal grains interpreted to have formed by rapid cooling (Fig. 3h) . Oxide grain sizes vary from microlites up to 30 μm and the aspect ratio of skeletal to acicular crystals varies from >10 to 2. Notes: M s initial = high-field induced magnetization before heating; M s final = %change of initial high-field induced magnetization after cooling. T C1 = Curie temperature of the low-temperature (high Ti) phase, T C2 app = apparent Curie temperature, since the behaviour of second high-temperature (low-Ti) phase could be influenced by alteration. Para = paramagnetic contribution. Percentages of T C1 and T C2 phases as estimated from linear extrapolation of the corresponding segments in the thermomagnetic curves.
Most analyzed oxide minerals are homogeneous titanomagnetites of low oxidation degree, only rarely showing exsolution lamellae and thus corresponding to high temperature oxidation states C1 and C2 (Haggerty 1981) . Distribution of Fe and Ti as analyzed with the SEM shows some spatial variability, indicating compositional inhomogeneity not recognizable in the light microscope ( Fig. 3b-d) . Ti/Fe ratios were often high but could not be quantified with the instrument used. Thermomagnetic experiments agree with the microscopic observations. Many samples showed a low Curie temperature (T c ) component (cf. Table 2) with T c ∼ 170
• C indicating titanomagnetite compositions close to TM60, which sometimes was even dominating the bulk magnetic properties. Some typical thermomagnetic curves are shown in Fig. 4 . In most flows also a high-temperature component with T c = 500-580
• C was observed, interpreted as a low-titanium titanomagnetite or magnetite. Importantly, many of the samples showing low T c are affected by thermal alteration processes, visible as a strong increase of induced magnetization during cooling from high temperatures. Thermal cycling experiments indicate that alteration as expressed in magnetization behaviour is Note the occurrence of low-temperature components and irreversible heating and cooling curves, pointing to the presence of high-titanium titanomagnetites that alter during the experiments. Small loops in heating curves are thermal cycles to test at which temperatures magnetic mineral alteration was starting.
seriously taking off at temperatures >350-400
• C, being small below that value. The increase of induced magnetization is assigned to the subsolvus exsolution of homogeneous titanomagnetite, producing intergrowths of more iron-rich magnetite with more titaniumrich ilmenite. For this solid-state exsolution to operate at laboratory time scales temperatures >400
• C are required (Lattard et al. 2006) . Magnetic hysteresis experiments yielded results as typically found in volcanic rocks. Coercivity and magnetization ratios, plotted in a Day et al. (1977) diagram (Fig. 5) , point to the presence of single domain (SD) to pseudo single domain (PSD) grains, with M rs /M s ratios larger than 0.15 and even larger than 0.5 for site BB2. Hysteresis parameters show some within-flow variation but in general this is smaller than between flows, thus indicating that specimens taken from one lava flow are characterized by magnetic grains of similar size and texture.
Paleomagnetic directions
To determine the characteristic remanence direction (ChRM) for every individual sample stepwise progressive demagnetization was applied. This was done mainly applying alternating magnetic field (AF) of increasing amplitude, and only in selected samples for comparison purposes with stepwise thermal demagnetization. Both methods provided very similar results: AF demagnetization can reliably isolate the ChRM, which in these volcanic rocks is a thermoremanent magnetization (TRM) acquired during initial cooling. AF demagnetization was carried out in fields up to 200 mT amplitude, but secondary components were generally removed by much lower fields of <20 mT. Only site VP was partly affected by stronger isothermal overprints, presumably resulting from lightning strikes. Table 3 summarizes the site mean directions with their statistical parameters, as well as site mean natural remanent magnetization (NRM) intensities, low-field magnetic susceptibility, Königsberger factor Q and median destructive field (MDF). The overall averages are 5.6 A/m for the NRM, 12 · 10 −3 (SI) for susceptibility, 17.3 for Q, and 15.6 mT for MDF. Such values are typical for volcanic rocks and support the above interpretation that the remanence is a stable TRM.
Site mean directions are well defined, with an average confidence limit α 95 of 4.7
• . They scatter around the local geocentric axial dipole field inclination of 49.7
• (Fig. 6 ). Virtual geomagnetic poles (VGPs) have latitudes >65
• and scatter around the North geographic pole (Table 3) . Directions from different lava flows but of the same volcanic centre (Table 3) , agree within confidence limits except for centre BB. Excluding other factors as relative tectonic movements between sampled sites, for which no evidence were found neither from field work nor in the literature, may indicate that this volcano had a long enough eruption life for recording significantly different geomagnetic field directions. All other volcano centres seem to Notes: NRM = natural remanent magnetization (A/m), κ = volume specific low-field susceptibility (10 −6 SI). Q = Königsberger ratio. MDF = median destructive field. n = number of independently oriented specimens, Rej. = number of rejected specimens for paleomagnetic direction calculation. R, k and α 95 are Fisher (1953) comply with shorter eruption life times, as their lava flows show statistically indistinguishable ChRM directions.
Paleointensity experiments
The often-observed low Curie temperatures typical for homogeneous titanomagnetite combined with their tendency for thermal alteration imply difficult conditions to carry out Thellier-Thellier type experiments. This was one of the initial reasons to utilize the microwave PI method in which thermal alterations processes are substantially reduced. For 14 of the sampled sites sufficient untreated samples were still available to test the new multi-specimen parallel field difference pTRM method (Dekkers & Böhnel 2006) . The number of specimens per flow varied hereby between 4 and 9. Previously, stepwise thermal demagnetization experiments had already been carried out, and the decay of NRM with temperature was evaluated to define the treatment temperature at which 20 per cent or more of the NRM intensity would be demagnetized. This was 200-225
• C except for sites MM and ML2, where 480
• C was used due to the higher unblocking temperatures. Specimens were selected only from cores that according to previous demagnetization experiments did not show secondary overprints.
Typically 10 samples per site were subjected to microwave PI experiments, which proved to be on average successful for 6.3 samples. Failed experiments are characterized by curved Arai plots which made the calculation of a meaningful PI impossible, values of quality parameter q smaller than five, and a few very high PI values were rejected and associated by us with lightning strike induced isothermal remanences. Further, in rare cases the undetected presence of secondary remanence components invalidated the perpendicular acquisition of pTRM. Finally, some samples appeared to be hardly demagnetized by the microwaves leading to very short curves in the Arai diagram. The failing experiments added up to an average of 3.4 samples per site, thus giving a success rate of 65 per cent. Table 4 lists the PI results and Fig. 7 shows typical Arai plots for microwave PI experiments. Although the quality of the individual PI data is slightly less than for many other microwave PI studies (e.g. Böhnel et al. 2003) , the quality parameter q still has a reasonable average value of 16.5. This together with the coherent overall PI values lends confidence on the reliability of the obtained data. Individual flow averages are between 13.0 and 20.7 μT. The total average with equal weight for the lava flows is 16.7 ± 2.1 μT. Sites CE2, CE3 and CE4 correspond to lava flows from one volcanic centre (Ceniza volcano), as well as VK1, VK2, VK3 and VK4 (Kenton volcano). Paleointensities from the individual Notes: PI results for the microwave and the multispecimen methods. VC = volcanic complex, numbers according to Figure 1 and Table 1 . q = quality index (Coe et al. 1978) , PI = paleointensity (μT), S.D. = standard deviation (μT). T = pTRM acquisition temperature. Samples were rejected because of anomalous PI values, when failed no PI could be determined or the quality factor was smaller than 5. flows, as well as their paleodirections are very similar, supporting an emplacement of these flows within the typical lifetime of monogenetic volcanoes of a few years to a few decades. Fig. 8 shows typical paleointensity results obtained by the multiple-specimen parallel difference pTRM method. The results are evaluated by the line fit to the difference pTRM versus laboratory field intensity data, with the paleointensity defined by the field value where the difference pTRM vanishes. The standard deviation is defined by the 68 per cent error envelope to the best-fit line, shown in Fig. 8 as dashed lines. Note that in cases where the used laboratory fields are not symmetrical to the zero-pTRM crossing of the best-fit line, the standard error of the PI is also asymmetric. Data from 16 specimens out of a total of 120 were rejected, which for 7 specimens was justified because the remanence direction changed more than 10
• after pTRM acquisition. Such changes may be caused by orienting errors in the furnace or by the presence of secondary magnetization components. The remnant nine specimens were rejected because of pTRM values that deviated strongly from the best fit line. In four of these cases, rock magnetic properties of such specimens were clearly different from the site average as well. A useful indicator for abnormal pTRM capacity is the Königsberger factor Q, which is the ratio of remanent to induced magnetization. Specimens with strongly deviating Q values often also showed deviations from the best-fit line. Finally, some of these specimens were rejected because of a different demagnetization behaviour than the rest, as indicated by a final zero field thermal demagnetization. Such a behaviour indicates within site variations of the unblocking temperature spectra. The employment of these selection criteria is at the present only qualitative and quantitative rejection limits will have to be defined in the future. Overall site-mean average of PI is 20.8 ± 5.9 μT, with site values between 13.9 and 35.7 μT (Table 4) . Excluding three sites with PI values 28 μT or larger (CE2, BB1 and MM), an average of 18.2 ± 2.3 μT is obtained, which is similar to that from the microwave method.
D I S C U S S I O N
Comparison of both PI methods applied here show that in most cases the results coincide within their uncertainty ranges. It is notable that in 11 of 14 cases the measurement uncertainty for the microwave method is equal or larger than that for the multispecimen method. The comparatively low error limits of the multi-specimen method observation coincide with results obtained by Dekkers & Böhnel (2006) in their study of artificial and historic lava samples. The multispecimen PIs, however, are nearly always slightly larger than the microwave PIs (Fig. 9 ). This may indicate that alteration processes could already be an issue at the temperatures involved, as the heating temperature of the bulk sample is lower in the microwave method (<250
• C at the highest power levels, but supposedly considerably less at lower power levels) and samples remained at the highest temperatures only for ∼10-20 s. In the multispecimen method, samples remained at the chosen temperature for ∼30 minutes or 1800 s, which inevitably will produce more alteration if this is an issue at those temperatures. Walton (1991) has shown that for baked clay material alteration may be already detectable at temperatures as low as 150
• C and heating periods as short as ∼100 s. Because clay is not present in our samples, we are confident that alteration of the remanence carrying magnetic minerals themselves is considerably smaller and additionally starts at higher temperatures, as indicated by only minor changes of the magnetic susceptibility of <2 per cent after heating in the PI experiments. Thermomagnetic cycling also showed good reproducibility up to temperatures of 350
• C or even higher (Fig. 4 and Table 2 ).
Another explanation for the observed differences could be that if a cooling time correction of PI is needed, this would be different for the two methods, due to the ∼2 orders of magnitude difference in cooling time. It has recently been suggested that this could produce a ∼4 per cent PI underestimate for the microwave method compared to Thellier-Thellier style methods (Biggin et al. 2007 ). However, no comparison is yet available for the multispecimen method. Finally, the perpendicular field applied in the microwave method would further underestimate by ∼4 per cent the paleofield, if the dominating grain size fraction of the samples is MD (Biggin et al. 2007 ). The latter effect was considered to be particularly important for samples with low unblocking temperatures, as is the case for the San Quintín lava flows. Cooling rate effects may be important for single domain particles, but their importance for larger grain sizes is only poorly constrained (McClelland-Brown 1984) . In the original Dekkers & Böhnel (2006) paper, dealing with historic lava flows containing a significant fraction of non-single domain particles as well as with synthetic samples consisting of large multidomain grains, no cooling correction at all was found to be necessary.
Originally it was claimed that the multispecimen method would be independent of domain state, and this was supported by experiments carried out on synthetic and natural samples (Dekkers & Böhnel 2006) . More recent studies seem to suggest that indeed there may be a grain size effect: for historic lava flows an overestimate of the paleofield intensity was observed (Michalk et al. 2008) which increased with grain size from SD to large PSD particles as estimated from magnetic hysteresis measurements. Hysteresis data from the San Quintín lava flows do not show any systematic relation between the observed paleointensities or their differences and the domain state as approximated by the M rs /M s ratio (Fig. 10) . Indeed the highest observed paleointensity and also the largest observed difference between paleointensity methods occurred for samples characterized by a relatively large M rs /M s ratio of ∼0.32 (site MM). Experiments using synthetic samples with a range of grain sizes also found that the multispecimen method may yield a PI overestimate of up to ∼30 per cent for PSD grains (Fabian & Leonhardt 2007) , depending on the used experimental setup. As we do not know the real paleofield intensity for the San Quintín rocks, it seems plausible that if there is an important grain size influence, this should be visible in the differences between microwave and multispecimen PI values. Large PI differences were obtained for sites MM, BB1 and CE2, and a minor difference for ML2 (Fig. 9,) with the multispecimen method always yielding the high PIs. At this moment the precise reasons for the high PI are unknown. Because the microwave PI for the three Ceniza volcano flows are very coherent and concur with multispecimen PI results for CE3 and CE4, it is likely that the outcome of the multispecimen parallel difference pTRM experiment for flow CE2 is not correct. For flow BB with sites BB1 and BB2 a similar line of reasoning would apply, as BB2 provides a PI very consistent with the majority of PIs obtained by both methods. Note that hysteresis parameters (Fig. 5) indicate a SD state for the magnetic particles in this flow. Site ML2 gave a low PI with both methods, with the microwave PI being slightly lower than the multispecimen PI in line with the other flows. From vent MM only one flow could be studied. We interpret the overall similarity obtained by the two markedly different PI methods as an indicator that both represent reasonably well the actual field intensity during the eruption of the lava flows. Therefore, in line with Biggin et al. (2007) , we suggest as a reliability test to use different PI methods on the same sample material to check the coherence of the obtained data.
Paleointensity values produced here by both methods are noticeably low in comparison to the present-day field intensity of 47 μT for the San Quintín sites. The flows may thus be related to periods of low field intensity like the Laschamp and Blake events. Although the available absolute age data are not precise, they indeed cluster around ∼40 and ∼120 ka (Table 1) . Additional age determinations are required to determine whether these low PIs indeed could be associated with either one or both of these geomagnetic field excursions. However, the relation is complicated by the absence of intermediate NRM directions. If there is indeed a relation with the Laschamp and/or Blake event, eruption of the lava flows must have occurred shortly before or after the directional changes, when the field intensity already/still was reduced but directions were of normal polarity. This would imply that intensity lows associated with excursions are longer-lived than directional changes. It also would mean that the eruptions took place within a very short period of time, most probably short compared to the duration of the events. Only high-precision dating methods would be able to test this hypothesis.
C O N C L U S I O N S
Fourteen lava flows have been studied using two fundamentally different paleointensity methods, the microwave and the multispecimen parallel difference pTRM methods. For eleven of these flows, both methods result in statistically indistinguishable site-mean PI values. Although obtained data are consistent in that view, the microwave PI values are with one exception always smaller than those determined with the multispecimen method. At present, reasons are not known with certainty: incipient alteration, cooling rate effects, or domain state effects may play a role. The first would be less in the microwave data since exposure times are very short and bulk-heating temperatures are low. Cooling rate effects (two orders of magnitude heating time difference) would imply that the microwave method slightly underestimates the paleointensity. The perpendicular pTRM acquisition as used here seems to underestimate the PI for MD particles more than other methods (Biggin et al. 2007 ) that would amplify the cooling rate effect. On the other hand, domain state effects may lead to PI overestimates by the multispecimen method up to ∼20-30 per cent. Yet the small PI differences obtained by methods suggests that corrections for cooling time differences and the very different angles between applied laboratory fields and NRM directions are small in this case. Therefore, both methods produce results close to the correct paleofield intensities. This combined with the high success rate achieved by the multispecimen method demonstrate its power. With the exception of a dedicated sample holder that allows the orientation of the samples with their NRM parallel to the field in the oven, the multispecimen method does not require any special laboratory equipment in addition to that needed for Thellier-Thellier style experiments, adding to its versatility.
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